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IN THE CLAIMS , . 

» f 

1 . (Amended) A semiconductor device comprising: 

a buffer semiconductor layer made of Ali-s-tGasIutN (O^s^ 1, O^t^ 1, s+t^ 1) and 
having a number of pinholes formed therein; 

a thermal distortion reducing layer made of Al i.u-vGauInvN (0:^u:^ 1, [0^V:£ 1] 0<v<K 
u+v^ 1) formed on said buffer semiconductor layer and having a different chemical formula 
from that of said buffer semiconductor layer; 

a first cladding layer formed on said thermal distortion reducing layer; 

an active layer formed on said first cladding layer; and 

a second cladding layer formed on said active layer. 

2. (Amended) The semiconductor device according to claim 1, wherein, in said 

Al i-u-vGauIUvN (0^u< 1, [0<v< 1] 0<v<L u+v< 1) for said thermal distortion reducing layer, v 
is set to be not less than 0. 1 and not more than 0.9, 

3. A semiconductor device according to claim 1, wherein a film thickness of said 
thermal distortion reducing layer is greater than that of said semiconductor layer. 

4. The semiconductor device according to claim 1, further comprising a cap layer on 
said thermal distortion reducing layer to prevent evaporation of In including in said thermal 
distortion reducing layer. 

5. The semiconductor device according to claim 4, wherein said cap layer is made of 
Ali.xGaxN (O^x^ 1) and is formed at 500°C to 800°C. 

6. The semiconductor device according to claim 1, wherein said first cladding layer is 
made of Ali.x-yGaxInyN (0:^x^1, O^y^l, x+y^l). 

7. The semiconductor device according to claim 1, wherein said thermal distortion 
reducing layer has a thickness of 50 nm to 1000 nm. 



2 



Application No. 09/915,71i^ 

Reply to Quayle Action of August 12, 2003 

8. A semiconductor device according to claim 1, further comprising a single crystal 
substrate on which said semiconductor layer is formed. 

9. A semiconductor laser comprising: 
a first layer; 

a second layer made of Al i-u-vGauInyN (0<u^ 1, 0< 1, u+v< 1) formed on said first 

layer, 

a third layer formed on said second layer; 

an active layer formed on said third layer; and 

a fourth layer formed on said active layer, 

wherein said first layer is formed of Al i_s-tGasIntN (0<s^ 1, 0<t^ 1, s+t^ 1) with an 
average film thickness of 3 nm to 10 nm such that said first layer has a number of pinholes 
formed among said Ali.s.tGasLitN (0<S:£ 1, O^t^ 1, s+t^ 1). 

10. A semiconductor layer according to claim 9, further comprising a single crystal 
substrate on which said first layer is formed. 

11. The semiconductor device according to claim 1. comprising: 
a substrate: 

said buffer semiconductor layer being formed on said substrate: and 
said pinholes comprising exposed portions of said substrate through said buffer 
semiconductor laver. 

12. The semiconductor device according to claim 1, wherein: 

said buffer semiconductor laver comprises crystals formed spaced apart: and 
said pinholes comprise spaces between said crystals. 

13. The semiconductor device according to claim 1, wherein: 

said buffer semiconductor layer comprises crystals loosely formed: and 
said pinholes comprise spaces between said crystals. 
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14. The semiconductor device according to claim 1, wherein: 

said buffer semiconductor layer consists essentially of an AlGaN material. 

15. The semiconductor device according to claim K wherein: 

said buffer semiconductor layer consists essentially of an AIN material. 

16. The semiconductor device according to claim 1. wherein: 

said thermal distortion reducing layer consists essentially of a GaN material. 

17. A semiconductor device comprising: 
a substrate; 

crystals formed on said substrate and containing at least Al and N, said crystals being 
disposed so as to expose portions of said substrate: 

a thermal distortion reducing layer made of Ali-„-vGa „hiv N (0<u<L 0^v<l, u+v<l) 
formed on said crystals and having a different chemical formula from that of said crystals: 

a first cladding layer formed over said thermal distortion reducing layer: 

an active layer formed over said first cladding layer: and 

a second cladding layer formed over said active layer. 

18-20 (Canceled) 

21. The semiconductor device according to claim 17. wherein: 
said crystals consists essentially of an AlGaN material. 

22. (Canceled) 

23. The semiconductor device according to claim 17. wherein: 

said thermal distortion reducing layer consists essentially of a GaN material. 

24. A semiconductor device comprising: 
a substrate: 

a buffer layer formed on said substrate and comprising a first layer made of 
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AlT-<:-tGa<: In rN (0<s^ 1, 0^t£ L sH-t< 1) and a second layer made of Ali..,,vGa iIn vN (0<u^l, 
O^v^ K u+v£ 1) formed on said first layer and having a different chemical formula from that 
of said first layer; 

a first cladding layer formed over said second layer: 

an active layer formed over said first cladding layer: and 

a second cladding layer formed over said active layer, 

wherein said buffer layer comprises means for controlling polarity of a growth 
surface, said growth surface comprising at least a portion of a surface of said substrate. 

25. A semiconductor device according to claim 24, wherein: 
said means comprises pinholes. 

26. A semiconductor device according to claim 24, wherein: 
said means comprises a shape of said buffer layer. 

27. The semiconductor device according to claim 24, fizrther comprising: 
a substrate wherein: 

said buffer layer comprises crystals formed on said substrate: and 

said means comprises intervals between said crystals exposing said substrate. 

28. The semiconductor device according to claim 24, wherein: 
said buffer layer consists essentially of an AlGaN material. 

29. The semiconductor device according to claim 24, wherein: 
said buffer layer consists essentially of an AIN material. 

30. The semiconductor device of claim 24, wherein: 

said thermal distortion reducing layer consists essentially of a GaN material. 

31. A semiconductor device comprising: 
a substrate: 
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a buffer layer formed on said substrate and made of Al r-^- tGa^ In tN (O^s^ 1, O^t:^ K 

s+t^l): 

a thermal distortion reducing layer made of Al^ -n-yGa^iIn yN fO^u^K O^v^ L u+v^ 1) 
formed on said buffer layer and having a different chemical formula from that of said buffer 
layer; 

a first cladding layer formed over said thermal distortion reducing layer; 
an active layer formed over said first cladding layer; and 
a second cladding layer formed over said active layer, 

wherein said buffer layer comprises means for controlling polarity of a growth surface 
of said thermal distortion reducing layer, said growth surface comprising at least a portion of 
a surface of said substrate. 

32. A semiconductor device according to claim 31, wherein: 
said means comprises pinholes. 

33. A semiconductor device according to claim 31, wherein: 
said means comprises a shape of said buffer layer. 

34. The semiconductor device according to claim 31, further comprising: 
a substrate, wherein: 

said buffer layer comprises crystals formed on said substrate; and 

said means comprises intervals between said crystals exposing said substrate. 

35. The semiconductor device according to claim 31, wherein: 
said buffer layer consists essentially of an AlGaN material. 

36. The semiconductor device according to claim 31, wherein: 
said buffer layer consists essentially of an A IN material. 

37. The semiconductor device of claim 31, wherein: 

said thermal distortion reducing layer consists essentially of a GaN material. 
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38. A semiconductor device manufactured using a process comprising: 

growing a first buffer layer of Al i-<:-tGa< In fN (0<s:^l,0<t<Ls+t<l)ona surface of a 
substrate having portions exposing said surface of said substrate; 

forming a second buffer layer of Al i.,..vGan In yN (0<u<LO<v<K u+v< 1) on said first 
buffer layer and having a different chemical formula fi-om that of said first buffer layer; and 

forming an active layer over said second buffer layer. 

39. A device according to claim 38, wherein said process comprises: 
growing said first buffer layer at a temperature between 350° C and 800° C. 

40. A device according to claim 38, wherein said process comprises: 
forming said second buffer layer to absorb thermal distortion. 

41. A device according to claim 38, wherein said process comprises: 
forming said first buffer layer consisting essentially of AlGaN. 

42. A device according to claim 38, wherein said process comprises: 
forming said first buffer layer consisting essentially of A IN. 

43. A device according to claim 38, wherein said process comprises: 
forming said second buffer layer consisting essentially of GaN. 

44. A device according to claim 38, wherein said process comprises: 
forming said first buffer layer as spaced crystals. 

45. A semiconductor device comprising: 
a substrate; 

crystals form ed on said substrate and containing at least Al and N, said crystals being 
loosely formed on said substrate: 

a thermal distortion reducing layer made of Al i,„,vGanlnv N (O^u^ 1, O^v^ 1, u+v^ I) 
formed on said crystals and having a different chemical formula fi-om that of said crystals; 

a first cladding layer formed over said thermal distortion reducing layer; 
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an active layer formed on said first cladding layer: and 
a second cladding layer formed on said active layer. 

46. The semiconductor device according to claim 45, wherein said crystals consist 
essentially of an AlGaN material. 

47. The semiconductor device according to claim 45, wherein said thermal distortion 
reducing layer consists essentially of a GaN material. 

48. A semiconductor device comprising: 
a substrate: 

crystals formed on said substrate and containing at least AI and N, said crystals being 
formed spaced apart: 

a thermal distortion reducing layer made of Al r^GanlU yN (O^u^ 1, O^v^ 1, u+v:^ U 
formed on said crystals and having a different chemical formula fi-om that of said crystals: 
a first cladding layer formed over said thermal distortion reducing layer: 
an active layer formed on said first cladding layer: and 
a second cladding layer formed on said active layer. 

49. The semiconductor device according to claim 48, wherein said crystals consist 
essentially of an AlGaN material. 

50. The semiconductor device according to claim 48, wherein said thermal distortion 
reducing layer consists essentially of a GaN material. 

51. A semiconductor device comprising: 
a substrate: 

crystals formed on said substrate and containing at least Al and N, said crystals 
having intervals therebetween so as to expose said substrate: 

a thermal distortion reducing layer made of Ali.„,vGa .,In vN (O^u^l, O^v^l, u+y^l) 
formed on said crystals and having a different chemical formula fi'om that of said crystals: 
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a first cladding layer formed over said thermal distortion reducing layer: 
an active layer formed on said first cladding layer: and 
a second cladding layer formed on said active layer. 

52. The semiconductor device according to claim 5L wherein said crystals consist 
essentially of an AlGaN material. 

53. The semiconductor device according to claim 5L wherein said thermal distortion 
reducing layer consists essentially of a GaN material. 

54. A semiconductor device comprising: 
a substrate: 

a buffer layer comprising a first layer made of Al r ^Ga^ hi tN (O^s^ L 0<t< 1, s+t^ 1) 
formed on said substrate: 

a second layer made of Al r^Gauhi vN (0:gu<l,0<v<L u+y^ 1) formed on said 
first layer and having a different chemical formula fi-om that of said first layer: 

a first cladding layer formed over said second layer: 

an active layer formed over said first cladding layer: and 

a second cladding layer formed over said active layer, 

wherein said first layer comprises pinholes. 

55. The semiconductor device according to claim 54, wherein said first layer consists 
essentially of an AlGaN material, and said second layer consists essentially of a GaN 
material. 

56. A semiconductor device comprising: 
a substrate: 

a buffer layer comprising a first layer made of Al iu ^G% In tN (O^s^ 1, O^t^ 1, s+t^ 1) 
formed on said substrate, and a second layer made of Al^ -u-yGa^iIny N (O^u^ 1, O^v^ 1, u+v^ 1) 
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formed on said first layer and having a different chemical formula from that of said first 
layer: 

a first cladding layer formed over said second layer: 

an active layer formed over said first cladding layer: and 

a second cladding layer formed over said active layer. 

wherein said first layer comprises crystals formed on said substrate, said crystals 
comprising intervals therebetween exposing said substrate. 

57. The semiconductor device according to claim 56, wherein said first layer consists 
essentially of an AlGaN material and said second layer consists essentially of a GaN 
material. 

58. A semiconductor device comprising: 
a substrate: 

a buffer layer comprising a first layer made of Al i^Ga^In tN (0<s< L 0<t^ L s+t< n 
formed on said substrate, and a second layer made of Al i^GanlU vN (0^u< L 0<v< L u-f-v< n 
formed on said first layer and having a different chemical formula from that of said first 
layer: 

a first cladding layer formed over said second layer: 
an active layer formed over said first cladding layer: and 
a second cladding layer formed over said active layer, 
wherein said first layer comprises crystals formed spaced apart. 

59. The semiconductor device according to claim 58, wherein said first layer consists 
essentially of an AlGaN material, and said second layer consists essentially of a GaN 
material. 

60. A semiconductor device comprising: 
a substrate: 
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a buffer layer comprising a first layer made of Ali-<:-tGa; In tN (O^s^ 1, O^t^ 1, s+t^ 1) 
formed on said substrate, and a second layer made of Ali-„-vGa t,In vN (O^u:^ 1, 0<v< L u+v^ 1) 
formed on said first layer and having a different chemical formula from that of said first 
layer: 

a first cladding layer formed over said second layer: 
an active layer formed on said first cladding layer: and 
a second cladding layer formed on said active layer, 

wherein said first layer comprises crystals disposed so as to expose portions of said 
substrate. 

61 . The semiconductor device according to claim 60, wherein said first layer consists 
essentially of an AlGaN material, and said second layer consists essentially of a GaN 
material. 

62. A semiconductor device comprising: 
a substrate: 

a buffer layer comprising a first laver made of Al i-._tGa.hi tN (0:^s< 1, 0^t< 1, s+t^ H 
formed on said substrate, and a second layer made of Al i,,..vGanInv N (0^u< 1, 0<v^ 1. u+y< n 
formed on said first layer and having a different chemical formula fi-om that of said first 
layer: 

a first cladding layer formed over said second layer: and 
an active layer formed over said first cladding layer: and 
a second cladding layer formed over said active layer, 

wherein said first layer comprises crystals loosely formed on said substrate. 
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63. The semiconductor device according to claim 62, wherein said first layer consists 
essentially of an AlGaN material, and said second layer consists essentially of a GaN 
material. 

64. A semiconductor device comprising: 
a substrate; 

a buffer layer made of Al uc- tOa^ hi tN (0:^s^ 1, 0<t< L sH-t< 1) formed on said substrate: 
a thermal distortion reducing layer made of Al i,..-vGan Inv N (0<u< L 0<v^ 1, u-fv:g 1) 

formed on said buffer layer and having a different chemical formula from that of said buffer 

layer; 

a first cladding layer formed over said thermal distortion reducing layer: 
an active layer formed over said first cladding layer: and 
a second cladding layer formed over said active layer, 

wherein said buffer layer comprises crystals formed on said substrate, said crystals 
having intervals therebetween so as to expose said substrate. 

65. The semiconductor device according to claim 64, wherein 
said buffer layer consists essentially of an AlGaN material, and 

said thermal distortion reducing layer consists essentially of a GaN material. 

66. A semiconductor device comprising: 
a substrate: 

a buffer layer made of Al r^Ga^In tN (O^s^ 1, O^t^ 1, s+t^ 1) formed on said substrate: 
a thermal distortion reducing layer made of Al Kn-vGa„hay N (0^u< 1, 0<v^ 1, u+v^ 1) 

formed on said buffer layer and having a different chemical formula from that of said buffer 

layer: 

a first cladding layer formed over said thermal distortion reducing layer: 
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an active layer formed on said first cladding layer; and 
a second cladding layer formed on said active layer. 

wherein said buffer layer comprises crystals formed spaced apart on said substrate. 

67. The semiconductor device according to claim 66, wherein 
said buffer layer consists essentially of an AlGaN material, and 

said thermal distortion reducing layer consists essentially of a GaN material. 

68. A semiconductor device comprising: 
a substrate: 

a buffer layer made of Ali-..tGa; In tN (0^s< L 0<t< K sH-t< 1) formed on said substrate; 

a thermal distortion reducing layer made of Ali-..-vGa i,In vN (0<u< 1. 0<v< 1, u+v< 1) 
formed on said buffer layer and having a different chemical formula fi-om that of said buffer 
layer; 

a first cladding layer formed over said thermal distortion reducing layer: 
an active layer formed on said first cladding layer: and 
a second cladding layer formed on said active layer, 

wherein said buffer layer comprises crystals disposed so as to expose portions of said 
substrate. 

69. The semiconductor device according to claim 64, wherein 
said buffer layer consists essentially of an AlGaN material, and 

said thermal distortion reducing layer consists essentially of a GaN material. 

70. A semiconductor device comprising: 
a substrate: 

a buffer layer made of Al i-<:,tGa.In tN (O^s^ 1. O^t^ 1, s+t^ 1) formed on said substrate: 
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a thermal distortion reducing layer made of Al^ -u-yGa^iIn yN (O^u^ 1, O^v^ 1, u+v^ 1) 
formed on said buffer layer and having a different chemical formula from that of said buffer 
layer; 

a first cladding layer formed over said thermal distortion reducing layer: 
an active layer formed on said first cladding layer: and 
a second cladding layer formed on said active layer, 

wherein said buffer layer comprises crystals loosely formed on said substrate. 

71. The semiconductor device according to claim 70, v^herein said buffer layer 
consists essentially of an AlGaN material, and 

said thermal distortion reducing layer consists essentially of a GaN material. 

72. A semiconductor device comprising: 
a substrate: 

crystals formed on said substrate and containing at least Al and N: 

a thermal distortion reducing layer made of Ali-.,,vGa „In vN (0<u<l, 0<v< 1, u+v<n 
formed to contact said crystals and said substrate and having a different chemical formula 
from that of said crystals: 

a first cladding layer formed over said thermal. distortion reducing layer: 

an active layer formed over said first cladding layer: and 

a second cladding layer formed over said active layer. 

73. The semiconductor device according to claim 72, comprising: 

said thermal distortion reducing layer contacting said substrate through intervals 
between crystals. 

74. A semiconductor device comprising: 
a substrate: 
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a buffer layer comprising a first layer made of Ali.<;.tGa; In tN (O^S:^ L 0<t< 1, s+t^ 1) 
formed on said substrate and a second layer made of Ali,„-vGa ,.In vN (O^u:^ 1 , 0< 1 , u+v^ 1) 
formed to contact said first layer and said substrate and having a different chemical formula 
fi"om that of said first layer: 

a first cladding layer formed over said second layer: 

an active layer formed over said first cladding layer: and 

a second cladding layer formed over said active layer. 

75. The semiconductor device according to claim 74, comprising: 

said second layer contacting said substrate through intervals in said first layer. 

76. A semiconductor device comprising: 

a buffer semiconductor layer made of Al u^.tGaglnt N (0^s<LO<t^l,s+t^l) and 
having a number of pinholes formed therein: 

a thermal distortion reducing layer made of Al| _^Ganhi vN (0<u^ L 0^ v< L u+v< n 
formed o n said buffer semiconductor layer and having a different chemical formula fi-om that 
of said buffer semiconductor layer: 

a first cladding layer formed on said thermal distortion reducing layer: 

an active layer formed on said first cladding layer: and 

a second cladding layer formed on said active layer. 

77. The semiconductor device according to claim 76. wherein, in said 

Ali.u.y Ga„ InvN(0^u<l,0<v^L u+v^ 1) for said thermal distortion reducing layer, v is set to 
be not less than 0. 1 and not more than 0.9. 

78. A semiconductor device according to claim 76, wherein a film thickness of said 
thermal distortion reducing layer is greater than that of said buffer semiconductor layer. 

79. The semiconductor device according to claim 76, fiirther comprising a cap layer 



15 



Application No. 09/915,71 
Reply to Quayle Action of August 12, 2003 

on said thermal distortion reducing layer to prevent evaporation of In included in said thermal 
distortion reducing layer 

80. The semiconductor device according to claim 79, wherein said cap layer is made 
of Al u xGa^N (0<x< 1) and is formed at 500° C to 800° C. 

81 . The semiconductor device according to claim 76, wherein said first cladding layer 
is made of Al uv- yGaylU y N (0<x^ L 0<y< 1, x+v:^ 1). 

82. The semiconductor device according to claim 76, wherein said thermal distortion 
reducing layer has a thickness of 50 nm to 1000 nm. 

83. A semiconductor device according to claim 76, further comprising a single crystal 
substrate on which said buffer semiconductor layer is formed. 

84. The semiconductor device according to claim 76, comprising: 
a substrate: 

said buffer semiconductor layer being formed on said substrate; and 
said pinholes comprising exposed portions of said substrate through said buffer 
semiconductor layer. 

85. The semiconductor device according to claim 76, wherein: 

said buffer semiconductor layer comprises crystals formed spaced apart: and 
said pinholes comprise spaces between said crystals. 

86. The semiconductor device according to claim 76, wherein: 

said buffer semiconductor layer comprises crystals loosely formed: and 
said pinholes comprise spaces between said crystals. 

87. The semiconductor device according to claim 76, wherein: 

said buffer semiconductor layer consists essentially of an AlGaN material. 

88. The semiconductor device according to claim 76, wherein: 

said buffer semiconductor layer consists essentially of an AIN material. 
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89. The semiconductor device according to claim 76, wherein: 

said thermal distortion reducing layer consists essentially of a GaN material. 

90. The semiconductor device of claim 76, comprising: 

a substrate, said buffer semiconductor layer being formed on said substrate. 

91. The semiconductor device according to claim IK wherein: 

said buffer semiconductor layer consists essentially of an AlGaN material. 

92. The semiconductor device according to claim 11, wherein: 

said buffer semiconductor layer consists essentially of an AIN material. 

93. The semiconductor device according to claim 11, wherein: 

said thermal distortion reducing layer consists essentially of a GaN material. 

94. The semiconductor device of claim 12, comprising: 

a substrate, said buffer semiconductor layer being formed on said substrate. 

95. The semiconductor device of claim 13, comprising: 

a substrate, said buffer semiconductor layer being formed on said substrate. 
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